Background: Cognitive tests are known to be influenced by language, culture and education. In addition, there may be an impact of ÔepochÕ in cognition, because there is secular increase in scores of IQ tests in children. If we assume this is a long lasting process, then it should persist later in life. Methods: To test this hypothesis, we compared the performance of two cohorts of individuals ( ‡50 years of age), evaluated 20 years apart using the Mini-Mental State Examination (MMSE).
Introduction
Cognitive tests are influenced by language, culture and formal education. In addition to that, there seems to be an impact of ÔepochÕ in cognition that is not so well understood. In children, there is a secular improvement of general cognitive ability, measured by IQ tests requiring regular updating of their normative values [1, 2] . This secular change may result from increased environmental stimulation, earlier contact with sophisticated technology, better general health or more efficient use brain networks. If we assume this is a long lasting process, then its effect should persist into late adult life. Accordingly, contemporary elderly subjects should be expected to perform better on cognitive tasks than their predecessor and eventually, to have a better cognitive reserve for the misfortune of brain damage. To test this hypothesis, we compared the performance of two similar cohorts of adult populations, evaluated 20 years apart using the Mini-Mental State Examination (MMSE) [3, 4] .
Methods and procedures
Both samples, 1988 and 2008, were collected to obtain normative data on the MMSE and other cognitive tests in individuals above 49 years of age in the same urban area. Recruitment of participants was made in health and social security services for the elderly who are part of the national services. Information concerning the cognitive status of the individual and autonomy for daily living activities was obtained either from their family doctor or from their employees of the community centres who have a longstanding contact with the individuals and their families. Consecutive individuals attending their local centres were invited to participate if they fulfilled the following criteria: age above 49 years, autonomy in daily living activities and absence of history of brain damage (stroke, epilepsy, head trauma, confirmed or suspected dementia), alcohol or drug dependence, psychiatric diagnosis of psychosis and of severe uncontrolled systemic illness (cancer, HIV, liver or kidney failure). Aims and procedures of the study were explained by a psychologist, and participants were asked to give their informed consent. Ethics Commission of the Faculty of Medicine and a National Commission of Data Protection approved the 2008 study.
MMSE was applied to all participants, followed by a more extensive cognitive battery aimed to evaluate memory, language, executive functions, depressive symptoms and constructive abilities. Those tests were different in the two samples.
Statistical analysis
Analysis was performed through the Statistical Package for Social Sciences (SPSS) 16.0 software for Windows (SPSS Inc., Chicago, IL, USA). To avoid the inclusion of individuals with early undiagnosed dementia, extreme outliers (under the 2.5th percentile) were excluded from both samples. Participants were divided into four age groups (50-59, 60-69, 70-79 and >80 years) and three literacy groups: no or minimal reading and writing skills (0-2 years of education), basic school (3-6 years) and more than 6 years of education subgroups. Mean scores were compared, by age x literacy matched subgroups, betweenthetwodifferentsamplesbyindependent samples tests (Wilcoxon-Mann-Whitney). Repeated regression analyses were performed where the MMSE score, or MMSE subtests scores, were the dependent variables and subjectsÕ gender, age (in years), literacy (in years) and epoch (1988 or 2008) were the independent variables.
Results
There were 411 participants in 2008 and 135 in 1988 (Table 1) . MMSE mean scores were higher in 2008 than in 1988 for most literacy x age-matched subgroups, but the difference was only significant for the lower literacy subgroups (Table 2) . On the linear regression analysis, it was found that literacy was the major determinant of the MMSE score variation, followed by epoch and age. Analysing the different subtests of the MMSE, it was found that epoch explained the variation of three subtests: temporal orientation (five-item score), attention and calculation, and language (written and oral subtests), but had no effect on the other parts of MMSE (Table 3) .
Discussion
The present study suggests that the cognitive abilities of our elderly population have changed over the last 20 years. Although awareness of dementia has substantially increased in the same period of time, because of the ageing of the population and increased life expectancy, the present results suggest that nowadays functionally independent subjects do actually perform better, at least in this screening cognitive instrument, than they did 20 years ago. This change may be more evident in more sensitive specific measures.
The epoch effect, on cognitive performance, was not observed for all cognitive domains. It was significant only for temporal orientation, attention and calculation and language. It may have different explanations that may be general or specific to the studied populations. It is possible that an earlier and more intense contact, in adulthood, with sophisticated technology (television, mobile phones, computers and domestic electronic devices), the need to change currency and a generalised access to large amounts of information may have contributed to develop skills that are measured in these simple tests (working memory, calculation, comprehension of sentences). Improved general health might also have had an impact on cerebral development or its protection from several disorders [5] . A better control of vascular risk factors (hypertension, diabetes, diet, smoking habits) might have prevented leukoaraiosis or silent strokes, both associated with cognitive impairment [6] [7] [8] [9] . The improved cognitive performance could also be related to a more widespread access to formal education and to the overall lower age in the 2008 sample [10] . Yet, although there were more individuals with higher literacy and lower age in the present sample, which could account for a higher total sample MMSE score, the comparison by education x age subgroups shows that this effect persisted when these variable were controlled, particularly for the lower educated subgroups, who might have benefited more from ÔepochÕ related changes.
We acknowledge that the present study has some limitations. So far, its results only apply to the studied population. Moreover, this study was performed in a country that underwent major changes during this 20-year period, because of its integration in a richer community, the European Union and suffered a change in currency. It would be interesting to replicate it in a community-based sample of the population and in other communities, with a control of vascular risk factors and comorbidities, to understand the mechanisms that are underlying this improvement and to unveil possible protective factors of cognitive decline.
This study stresses the need to update cognitive normative values, particularly those that are used in clinical diagnosis or for the selection of subjects for studies. The present results will have an impact on dementia or cognitive impairment screening, because they are now much closer than values obtained in other countries. Bold values denote significant association with MMSE score (P < 0.01). SE, standard error.
Cut-off scores in MMSE: a moving target?
